SUMMARY A narrow zone of block in isolated false tendon preparations was created by perfusion of the central compartment (gap) of a three-compartment tissue bath with either an isotonic sucrose solution or a solution designed to mimic the extracellular milieu in ischemic tissue. Driven responses on the proximal aide of the gap were transmitted to the distal side after long delays. The characteristics of the "ischemic" gap model were found to be qualitatively similar to those of the sucrose gap model in which impulse transmission is electrotonically mediated. In both models, the effects of driven action potentials were mimicked by electrotonic displacement of membrane potential by current pulses passed across the gap. Foot-potentials representative of electrotonic potentials bringing the distal membrane to threshold were present in all cases and were found to be largely unaffected by the slow channelblocking agent, verapamil. Transmembrane activity recorded from the central portion of the gap segment was shown to be electrotonic in nature. Ectopic activity in the form of reflected reentry was readily demonstrable in the ischemic gap model in the presence or absence of verapamil as well as in the sucrose gap model. When propagation across the gap was mediated by "slow" responses, transmission was relatively prompt and reentry did not occur. Our observations suggest that very slow conduction through ischemic areas may result from step delays imposed by electrotonic transmission of impulses across inexcitable segments of cable rather than from uniform slow conduction of propagated action potentials with slow upstrokes.
SLOW conduction (apparent velocity <0.2 m/sec) has been recorded in isolated Purkinje fibers (Cranefield et al., 1971; Wit et al., 1972; Cranefield et al., 1972) , bundle of His (El-Sherif et al., 1975) , Purkinje-muscle junctions (Mendez et al., 1970) , ventricular muscle (Spear et al., 1979) , atrial muscle (Hordof etal., 1976) , AV node (Hoffman etal., 1959; Mendez and Moe, 1966) , and in synthetically grown strands of cardiac muscle (Lieberman et al., 1973) .
Reentrant arrhythmias can be generated in small loops of tissue only if the conduction velocity is sufficiently slow Cranefield et al., 1973) . It has been proposed that both slow conduction and reentrant arrhythmias may occur in tissue depolarized to levels more positive than -55 mV (Cranefield, 1975) . Because the fast sodium channel is inactivated at these levels of membrane potential, it was suggested that "slow responses" resulting from slow channel current activation are responsible for the very slow propagation of the impulse in depolarized tissues.
In most studies of slow conduction, regardless of the tissue involved, a two-component upstroke was commonly observed in action potentials recorded close to the area of depressed conductivity. Recent studies of preparations in which block was induced by various means suggest that slow conduction across a depressed zone may be maintained by electrotonic transmission (Wennemark et al., 1968 (Wennemark et al., , 1975 Moe, 1976,1979; Antzelevitch et al., 1980) . Conduction delays in these studies invariably were associated with a two-compartment upstroke in which the first component represented an electrotonic potential originating from regenerative activity in the active segment proximal to the site of block and the second component represented the regenerative response at the distal block boundary or the electrotonic manifestation of this response.
In a recent study by Lazzara et al. (1978a) , very slow conduction and reentry in cardiac preparations severely affected by ischemia or hypoxia were found to depend on "poor" action potentials with two or more component upstrokes rather than with the loss of membrane potential. Furthermore, these "poor" responses were shown to be inhibited by tetrodotoxin, a specific fast channel blocker (Dudel etal., 1967) .
These data suggest that electrotonic delay rather than the slow response may be responsible for the apparently slow conduction observed in depressed tissues and, moreover, that the slow response is not a necessary feature of reentrant arrhythmias. In the 1130 CIRCULATION RESEARCH VOL. 49, No. 5, NOVEMBER 1981 present study we report the results of experiments designed to test this hypothesis.
Methods
Unbranched free-running false tendons were dissected from dog or calf hearts. Mongrel dogs of either sex were anesthetized with sodium pentobarbital, 30 mg/kg, iv. The hearts were removed quickly through midsternal incisions. Calf hearts were obtained fresh from a nearby slaughterhouse. The excised Purkinje tissue was placed in a modified Tyrode's solution equilibrated with 95% O 2 and 5% CO 2 at room temperature.
Fibers 0.4-0.8 mm in diameter and 4-10 mm long were transferred to a plexiglass tissue chamber divided into three compartments by two latex membranes. The fibers were gently sucked into a polyethylene tube which was used to thread the strands through holes preformed in the latex membranes. During a 1-hour equilibration period, all three compartments were perfused at a rate of approximately 6 ml/min with Tyrode's solution saturated with 95% O2 and 5% CO2. Each compartment was provided with separate inflow and outflow connections. The composition of the solution (HIM) was: NaCl, 137; KC1, 3 or 4; NaH 2 PO<, 0.9; NaHCO 3 , 12; CaCl 2 , 1.8; MgSO.,, 0.5; and dextrose, 5.5. Temperature was maintained at 36.5-37°C.
Sucrose Gap Experiments
A central compartment, 2 or 3.5 mm long, was perfused with a solution containing purified sucrose (300 mitf) and dextrose (5 mM) dissolved in deionized water saturated with 100% O 2 . CaCl 2 (0.1 mM) was added to the sucrose solution to niinimize cellular uncoupling. The two outer compartments were perfused with Tyrode's solution containing 3 or 4 mM KC1. In experiments in which current pulses were applied across the fibers, one of the outer compartments was perfused with Tyrode's containing 20 mM KC1, and the other compartment, containing the test segment (also referred to as the distal segment) was perfused with Tyrode's solution containing 4 mM KC1.
Stimuli were rectangular pulses 0.5-3 msec in duration applied through one of two pairs of thin silver electrodes insulated eicept at their tips and placed in contact with the ends of the fiber segments in the outer compartments. The stimulated end of the preparation and the non-stimulated end beyond the gap will be referred to as proximal (P) and distal (D) segments, respectively.
Transmembrane potentials were recorded differentially from one segment and single-endedly from the other with glass microelectrodes filled with 2.7 M KC1 (10-20 Mfi DC resistance) connected to a high input impedance amplification system. The amplified signals were displayed on an oscilloscope and photographed with a Grass kymographic camera. The extracellular resistance across the gap was altered by varying a parallel shunt resistance (^1 MO).
"Ischemic" Gap Experiments
A central segment, 1.5 mm long, was perfused with a modified Tyrode's solution containing 15-20 HIM KC1 and 10-15 mM lactic acid (decreasing pH from 7.4 to a range of 6.4 to 6.8) saturated with a gas mixture of 95% N 2 and 5% CO2. In some experiments, glucose was left out of the ischemic solution. The two outer compartments were perfused with Tyrode's solution containing 3 or 4 mM KC1. Standard single-ended microelectrode techniques were used to record transmembrane activity from each of the three segments.
Results

Foot-Potentials
According to the local circuit theory of active propagation, the electrotonic manifestation of a regenerative impulse encountering a region of block would be expected to decay along the length of the inexcitable cable (blocked segment), in accordance with the space constant of that tissue. When the region of block is sufficiently short, the slowly rising electrotonic potential resulting from the proximal tissue activity may bring the distal segment to threshold; active propagation is thus restored, after a delay, by electrotonic transmission. Transmembrane voltage recordings of activity at the distal block boundary exhibit prepotentials in advance of the active response.
Examples of foot-potentials resulting from electrotonic transmission of impulses across a sucrose gap are illustrated in Figure 1A . Superfusion of a 2-mm central segment of a Purkinje fiber with an isotonic sucrose solution provided the block across which the proximal (P) and distal (D) transmembrane recordings were obtained. The P segment was driven at a basic cycle length (BCL) of 800 msec. At an intermediate value of shunt resistance (58 K£2), the distal response occurred after a delay of 180 msec (panel A-l), during which the electrotonic prepotential gradually approached threshold. When the shunt impedance was reduced to 10 kfl (panel A-2) the delay diminished to 30 msec; when shunt impedance was increased to 75 Ml (panel A-3), the electrotonic potential was reduced to a subthreshold amplitude.
Electrotonic displacement of membrane potential in the distal segment by current pulses passed across the sucrose gap mimics the effects of evoked responses (Fig. IB) . In panel B-l, a current pulse of 1.4 /iA and 300-msec duration applied across the gap initiated activity in the distal segment after a delay of 260 msec. Augmentation of the current pulse greatly abbreviated the delay (panel B-2), but at the diminished current intensity in panel B-3, the electrotonic event failed to reach threshold. Increased stimulation frequency, whether of responses evoked in the P segment or of depolarizing current pulses, also leads to impairment of conductivity across the blocked area. The frequency dependence of impulse transmission across a sucrose gap preparation is illustrated in Figure 2A . Prompt transmission of the impulse (20 msec delay) occurred when P was stimulated at a BCL of 800 msec. At a more rapid stimulation rate (BCL = 550 msec), transmission delay increased to 92 msec (panel A-2), and at a still faster rate, block occurred (A-3). The effects of depolarizing current pulses applied across the gap were similarly frequency dependent ( Fig. 2-B) . In panel B-l, current pulses of 1.4-fiA intensity and 300-msec duration applied at a BCL of 1150 msec excited the distal segment after a 60-msec delay. Identical current pulses applied at a faster frequency were attended by much greater delays (280 msec, panel B-2) and, at a still faster frequency, excitation often failed (panel B-3).
In another series of experiments, the central chamber was perfused with a modified Tyrode's solution containing some of the major components known to be present in the region of an infarct. Transmembrane recording of activity in the central compartment (not possible in the sucrose gap) was monitored in the ischemic gap model and is represented by the middle trace in all figures derived -JO from this model. As in the sucrose gap model, the proximal and distal recordings were obtained from 8ites in the outer active segments in close proximity to the area of block (within 0.5 to 1.8 mm) so that the electrotonic interactions across the block could be monitored. The shorter space constant (due to a K-induced decrease in membrane resistance) necessitated the use of a 1.5-mm central compartment in these experiments.
sec FIGURE 2 Frequency dependence of impulse transmission in sucrose gap and ischemic gap preparations. A: Proximal (P) and distal (D) traces recorded across the sucrose gap in a fiber driven at basic cycle lengths (BCL) of 800 (A-l), 560 (A-2), and 320 msec (A-3). B: Depolarizing current pulses (1.4 uA, 300 msec) applied across a sucrose gap at a BCL of 1150 (B-l), 850 (B-2), or 720 msec (B-3). C: Transmembrane recordings from proximal (P), gap (middle trace), and distal (D) segments of an ischemic gap preparation. Bottom trace is the stimulus marker. The proximal segment was stimulated at a BCL of 950 (C-l), 700 (C-2), or 525 msec (C-3). Difference in the level of resting membrane potential in P and
Frequency-dependent transmission in the ischemic gap model is illustrated in Figure 2C . At a BCL of 975 msec, transmission from P to D was delayed by 90 msec (panel C-l). As stimulation frequency was accelerated, transmission delay was progressively prolonged (180 msec at 700 msec BCL, panel C-2) until block appeared (panel C-3). Except for the more depolarized level of the proximal and distal recordings near the block boundaries (electrotonically imposed by the depolarized central segment), the behavior of the system is qualitatively similar to that depicted in parts A and B of Figure  2 . Foot-potentials preceding action potentials recorded in the distal segment typify the two-compartment upstroke characteristic of electrotonic transmission, suggesting that the delay in P to D transmission is imposed by the time required for the electrotonic potential to bring the distal membrane to its threshold potential. This thesis is supported by examination of activity in the central blocked segment, in which the two components are electrotonic images of activity in the proximal and distal segments, respectively. This assumption is based on records taken at high sweep speed in which the upstroke of the second component was clearly seen to follow the upstroke of the distal response.
Slow Response
The activity depicted in the middle recording of Figure 2C might be thought to represent activation of the slow inward current leading to slow but continuous propagation of the impulse across the depressed zone. To examine this possibility we studied the effects of verapamil, a slow channel-blocking agent, on the ischemic gap model. The results of one such experiment, performed on a calf Purkinje fiber, are illustrated in Figure 3 . Before exposure to verapamil, P to D transmission occurred with a delay of 95 msec (panel A). Thirty minutes after introduction of verapamil (2 jug/ml) to the reservoir supplying the central chamber, transmission was further delayed to 165 msec (panel B). Slow response activity in this environment is not possible at this concentration of verapamil (Cranefield, 1975; unpublished observation) , yet transmission of the impulse was maintained. At the membrane potential recorded within the gap (-52 mV), active participation of fast sodium channel activity can also be ruled out. The results support the hypothesis of electrotonically mediated transmission under these conditions, but the verapamil-induced prolongation of delay (from 95 to 165 msec) requires explanation.
Because of steady state electrotonic interaction and diffusion of potassium through the extracellular spaces at the gap boundaries, the tissue exposed to the "ischemic" perfusate cannot be uniformly de-polarized; the membrane potential, lowest at the center of the gap, must increase toward the boundaries on either side. This is illustrated schematically in part C of Figure 4 . The schematic diagram represents a composite of six experiments in which transmembrane responses were recorded at various sites along the length of the ischemic gap preparation.
The two heavy black lines at the center of the fiber represent the latex membranes delineating the physical borders of the ischemic gap. The central portion of the gap segment (zone A), depolarized to levels more positive than -55 mV, may serve as an inexcitable segment across which conduction is electrotonically mediated. On either side of zone A lie two zones designated B and B' in which membrane potential ranges between -55 and -65 mV. Conditions within these zones may permit depressed fast response or slow response activity. The magnitude of the delay across the gap will depend on the length of the inexcitable cable element. In effect, suppression of slow responses or depressed fast responses within the gap by verapamil would increase the length of the inexcitable segments. This is one possible explanation for the increased delay illustrated in Figure 3C after addition of verapamil.
The effect of verapamil on the distal segment of an ischemic gap preparation is illustrated in Figure  5 . In panel A, superfusion of the gap segment with an ischemic solution containing 16 mM K + and 2 /ig/ml verapamil yielded 1:1 transmission with P to D delays of approximately 130 msec at a BCL of 600 msec. The cell in the middle recording was poorly impaled. Transmission was electrotonically mediated. RMP of the distal fiber was -75 mV. Panel B shows recordings obtained 3 minutes after addition of verapamil (1 jug/ml) to the distal segment perfusate. Depressed regenerative activity occurred at the distal site with a 2:1 P-D block.
Complete block was evident after 5 minutes of verapamil exposure (panel C), with only electrotonic potentials recorded at the distal site. The similarity between the foot-potentials in A and the electrotonic potentials in C is apparent. During the slow rise of the foot-potential, fast inward current is gradually inactivated so that the regenerative activity is largely dependent on slow channel current. Verapamil, in half the concentration vised in the previously described experiments, quickly abolished this activity without affecting the underlying electrotonic event.
Reflection
When the delay in transmission across the gap is sufficiently long, electrotonic transmission in the reverse direction over the same blocked segment can re-excite the proximal segment, generating a recurrent (or reentrant) response. This phenomenon, to which the term reflection has been applied , Antzelevitch et al., 1980 , is illus- trated in Figure 6 , recorded from the sucrose gap model.
Following stimulation of the proximal segment, a slowly developing electrotonic depolarization reached the threshold of the tissue beyond the sucrose barrier after a delay of 300 msec. Electrotonic transmission in the reverse direction induced a closely coupled (404 msec) reflected response in the proximal segment following expiration of its refractory period.
Reflection is also demonstrable in the ischemic gap model (Fig. 7) . The records in panel A were obtained from a calf Puxkinje fiber preparation during perfusion of all three chambers with normal Tyrode's solution. In panel B, following perfusion of the gap with an ischemic solution containing 15 mM K + , 15 mM lactic acid (pH 6.4-6.5) and no glucose, transmission appeared to be electrotonically mediated. The first response elicited by stimulation of P was blocked upon reaching the gap segment, and a slowly rising electrotonic potential was recorded within and beyond the gap. A response was recorded in the distal segment after a 340-msec delay. Retrograde transmission of the distal response caused an electrotonic potential in the proximal recording that failed to reach threshold. i sec
FIGURE 7 Reflection in the ischemic gap model (calf Purkinje fiber). A: control recordings from tissue within each of the three compartments. Bottom trace is the stimulus marker. B: Traces recorded 30 minutes after start of superfusion of the gap segment with an ischemic solution. The second stimulated proximal (P) response is followed by a reflected response with a coupling interval of 650 msec. Upstrokes retouched.
The second stimulated proximal response was transmitted to the distal site with a longer delay (385 msec) and, in this instance, the electrotonic potential reached threshold, generating a reflected response. Successful retrograde reflection of the distal response occurred only after full repolarization of the stimulated proximal action potential. When verapamil (2 ptg/ml) was added to the gap perfusate in this experiment forward transmission was still possible, but due to the higher level of block (possibly the result of a longer inexcitable cable) retrograde transmission was not possible; reflected responses no longer occurred.
Verapamil may also induce reflected reentry in preparations similarly treated but in which transmission is initially less encumbered, as illustrated in Figure 8 . The tracings in panel A were obtained under control conditions. After superfusion of the gap segment with a solution containing 15 mM K + and 10 mM lactic acid, P to D transmission time was 20 msec (panel B). In panel C, after addition of verapamil (2 ^g/ml) to the gap perfusate, transmission delays were prolonged, permitting the occurrence of a reflected response following the second stimulated proximal beat Figure 9 illustrates verapamil-induced electrotonic transmission and reflection in a preparation already depressed upon introduction into the tissue bath. The two outer segments were exposed to 0.4 /ig/ml epinephrine (to maintain stable regenerative activity) with otherwise unmodified Tyrode's perfusing the three compartments. Activity under these conditions remained stable for 60 minutes, after which verapamil (2 jug/ml) was added to the gap perfusate. Before addition of verapamil (panel A) RMP in the proximal, gap, and distal compartments was -48, -58, and -50 mV, respectively; propagation across the gap was prompt. After 30 minutes of exposure to verapamil (panel B) slow toand-fro electrotonic transmission of the impulse permitted reflected reentry.
Discussion
Recent studies of experimental coronary occlusion in the dog indicate that early ventricular arrhythmias are secondary to severe conduction impairment in ischemic zones (Lazzara et al., 1978b) . The biochemical changes resulting from an episode of ischemia have as yet not been definitively identified. Analysis of coronary venous blood draining as ischemic region suggests that, in addition to hypoxia, elevated concentrations of K + , lactate, and H + are some of the identifiable components contributing to the electrophysiological abnormalities of the early phase of ischemia (Downar et al., 1977) . We added these ischemic components to the perfusion fluid to create narrow zones of depressed conductivity in the center of bundles of Purkinje tissue.
In recent years, much interest has been expressed in the role of severely depolarized cells in arrhythmogenesis. At membrane potentials more positive than -55 mV, the fast inward current channels are inactivated, but a slow inward current comprised of calcium and sodium ions can be activated (Trautwein, 1973) . In the presence of catecholamines, cardiac tissues depolarized by K + to < -55 mV manifest propagated action potentials generated by this slow current (Carmeliet and Vereecke, 1969 Cranefield et al., 1971) . The slow conduction of these action potentials may permit reentry in loops of limited size (Cranefield et al., 1971 . It has been suggested that reentrant ectopic ventricular beats in vivo may be predominantly a consequence of such "slow channel" activity, termed "slow responses" (Cranefield, 1975) .
Electrotonic Transmission
In most of the studies demonstrating slow conduction in cardiac fibers exposed to depolarizing influences or in diseased cardiac preparations, the methodology employed (microelectrode recordings remote from the immediate site of block) prevented proper assessment of the contribution of electrotonic transmission. In many cases, various aspects of electrotonic transmission have been observed but often not identified as such.
In the present study, we compared the characteristics of impulse conduction in an ischemic gap preparation with those of a sucrose gap preparation, in which transmission is undoubtedly electrotonically mediated, and found them to be qualitatively similar. Foot-potentials preceding regenerative activity beyond a site of block, often regarded as manifestations of slow response activity, are shown to occur at high (normal) levels of membrane potential at which slow inward current is not activated, when block is induced by sucrose superfusion of the gap segment (Figs. 1, 2, and 6 ). When conduction delay is produced by perfusion of the gap with an ischemic solution, the tissue in the blocked segment is depolarized to levels at which fast sodium current is largely inactivated, yet the frequency dependence of conduction delay and block was similar to that observed in the sucrose gap model (Fig. 2) . When block occurred at the higher stimulation frequencies in both models, or upon an increase in external shunt resistance in the sucrose gap model, it was apparent that the resulting electrotonic potential was representative of the footpotential of a successfully induced distal response ( Figs. 1 and 2) . Moreover, extinction of regenerative activity by addition of verapamil to the distal compartment perfusate (Fig. 5 ) revealed the underlying electrotonic potential which was largely unaffected by the slow channel blocker. All of the above-mentioned characteristics of the two systems were shown to be mimicked by electrotonic displacement of membrane potential by subthreshold current pulses of appropriate duration passed through a sucrose gap.
Finally (but most important), activity recorded from the center of the gap segment was shown to consist of two components (when impulse transmission across the ischemic gap was successful) that proved to be electrotonic images of proximal and distal responses, respectively. Comparison of the magnitude of the initial upstroke of the first component (the only part not affected by distal activity) in the gap recordings of Figure 3 before and after verapamil (2 /ig/ml) reveals no major change, therefore ruling out active participation of slow inward current. Active participation of fast inward current likewise can be dismissed on the basis of the very low RMP. The small decrease in the magnitude of this first component (approximately 6%) is consistent with the thesis that verapamil may have ELECTROTONIC TRANSMISSION AND REENTRY/Antzelevitch and Moeacted to expand the length of the inexcitable segment to a small degree. Local circuit currents reaching this central recording site would then be expected to be slightly more diminished because the length of cable over which they decay has increased. The effect of verapamil on the second component of the gap recordings is clearly an indirect one, resulting from a temporal shift in summation of electrotonic influences of activity in both P and D active segments. In panel A of Figure 3 , a distal response occurred during the plateau phase of the proximal response, resulting in a large second component. In panel B, however, after exposure to verapamil, distal activity was further delayed so that it occurred during the repolarization phase of the proximal activity. A lesser contribution of electrotonic current from the P segment resulted in a smaller second component. A small part of the decline may also be due to the extension of the inexcitable zone toward the distal gap border. The electrotonic nature of this component is further substantiated by the fact that its upstroke always follows the upstroke of regenerative activity initiated at the gap boundaries . This is not immediately obvious in Figure 3 because the distal recording was obtained at some distance from the site of block, but it is readily apparent in all of the other figures depicting slow transmission in the ischemic gap model. In light of these data, we can assume that continuity of conduction in the ischemic gap model is maintained by flow of electrotonic currents through an inexcitable cable bringing the distal active membrane to threshold.
The concept of electrotonic transmission across an inexcitable segment of tissue is dictated by local circuit theory suggested by Hodgkin (1937) for nerve tissue and is supported by more recent studies in cardiac tissue (Wennemark et al., 1968 (Wennemark et al., , 1975 Moe, 1976, 1979; Antzelevitch et al., 1980) . In these previous studies, electrotonic transmission was demonstrated through induction of block by electrical blocking currents or by sucrose superfusion of a central fiber segment. However, any agent (s) capable of inhibiting the existing active generator properties of a localized segment of membrane may be used to demonstrate this phenomenon. In the present study, we illustrated this type of transmission by creating a inexcitable cable through introduction of an ischemic solution to the gap segment, by the addition of verapamil to a fiber segment already spontaneously depolarized to a level at which the Na channels are largely inactivated (Fig. 9) , or by sucrose superfusion of the gap segment. High doses of local anesthetic agents, as well as simple pressure block, were also found to create inexcitable zones across which electrotonic transmission occurred (unpublished observation).
Electrophysiological Variables
The degree of block or conduction delay in the P to D direction in both models depends on several factors including: (1) the length of the inexcitable segment, (2) membrane and axial impedances within each of the three segments, (3) the extracellular resistance of the system, (4) the amplitude of the signal entering the gap, and (5) the excitability of the tissue beyond the gap.
We consider an inexcitable segment to be that segment of tissue which, in response to the maximum available local circuit current, is incapable of generating a regenerative propagated action potential. Subthreshold potentials recorded intracellulary from inexcitable zones, long referred to as electrotonic potentials, are local depolarizations (or hyperpolarizations) whose amplitude is determined not only by the capacitative discharge of the membrane by the local circuit current but also by the flow of ionic current across the cell membrane.
As previously discussed, the length of the inexcitable segment in the ischemic gap model may be determined largely by the degree of "slow response" or depressed fast response infiltration of the gap boundaries. The extent to which this occurs may in turn be dependent on the degree of depolarization induced by the ischemic components relative to the hyperpolarizing influences of the outer segments (Fig. 4) . Substantiation of this thesis, however, awaits more rigorous quantitative determinations of membrane properties and transmembrane activity as a function of length (in a preparation with a wider gap).
The amplitude of the electrotonic potential emerging from the distal end of the inexcitable cable must be large enough to bring that membrane to threshold if transmission is to succeed. Its amplitude is certainly a function of the length of the cable and length constants (X) of the segments it passes through, but there are other important considerations.
The voltage input into the proximal end of the passive cable will decay largely in accordance with the A of the cable, but its decay will be lessened by the degree of inward-going rectification (anomalous rectification) of the background outward currents (Noble, 1965) . Upon emerging from the distal end of the passive cable, the decayed potential will encounter: (1) membrane within the gap capable of partial fast inward current activation, and (2) membrane just beyond the gap (at normal KJ manifesting a much larger than normal A, because the steady state depolarizing influence of the gap segment brings the membrane to a voltage level at which anomalous rectification is present (McAllister and Noble, 1966) . Because of the major reduction of opposing outward current across the distal boundaries of the gap, due to the drop in [K] o, the background inward or "window" sodium currents recently described to be operative at this voltage range (McAllister et al., 1975; Attwell et al., 1979; Coraboeuf et al., 1979 ) may now be unmasked. The voltage dependence of these "window" currents in combination with the voltage dependence of in-ward-going rectification of the outward currents may serve to amplify the decayed electrotonic potential as it emerges from the gap.
This amplification phenomenon was often observed in our ischemic gap preparations and is best illustrated in Figure 2C -3 in which the D recording was obtained in very close proximity to the distal gap border. Upon stimulation of the P segment, the second driven response was blocked and an electrotonic potential that was recorded in the gap segment showed a slower rise time but did not level off as did the gap potential. A voltage-dependent mechanism as described above would appropriately explain the increasing contribution of inward current resulting in a larger electrotonic event in the recording. Another factor contributing to this amplification phenomenon may be the deactivation of outward currents activated during the preceding response in the distal segment (Hauswirth et al., 1969) .
The sum of these effects which serve to augment the electrotonic event at the distal border may be likened to those responsible for depolarization-induced automaticity (Hauswirth et al., 1969; Katzung and Morgenstern, 1977) .
Reflection
The term "reflection" has previously been used to describe reentry in a linear bundle of Purkinje tissue with the implication that a circuitous pathway at the syncytial level might be responsible Cranefield and Hoffman, 1973) . In the present study we demonstrated that, in both the sucrose gap model and the ischemic gap model, to and fro electrotonic transmission across an inexcitable segment of tissue is more likely than a microcircuit in the depressed zone.
The term reentry usually implies a circuit in which unidirectional block in one of two parallel pathways permits orthograde propagation of an impulse over one pathway and retrograde transmission of the same impulse, after a conduction delay, over the other pathway. Reflection may be considered a subclass of reentry in which a recurrent response occurs due to delayed orthograde and retrograde transmission over the same pathway (Antzelevitch et al., 1980) . Electrotonic transmission can result in apparent conduction velocities of less than 0.01 m/sec and thus may allow for reentry in a circular loop as short as 2-3 mm in length, especially when the refractory period at the site proximal to block is abbreviated (Sasyniuk and Mendez, 1971) . Reflected reentry can occur when two active sites are separated by a depressed zone as short as 1 mm in length. Many such sites may be created as a result of inhomogeneity of depression following an infarct (Myerburg et al, 1977; Harken et aL, 1978) . In a recent study, Janse et al. (1980) presented evidence for the participation of both a circus movement reentry mechanism and a mechanism of reentry induced by the flow of electrotonic or "injury' currents in the production of early ventricular arrhythmias in acute myocardial ischemia.
Therapeutic Implications
Depending on the initial degree of pre-drug conduction impairment, verapamil was shown to be capable of either inducing reflected reentry consequent to the induction of step delays in transmission (Figs. 8 and 9 ) or of abolishing reflection and inducing block (Figs. 4, 5, and 7) . These data suggest that at similar drug levels verapamil's actions may be either antiarrhythmic or arrhythmogenic.
